Since 1987, large-scale mortalities of dolphins have been reported along the Atlantic coast of North America, in the Gulf of Mexico, and in the Mediterranean Sea. Autopsied bottlenose dolphins, Tursiops truncatus, which were collected from the large-scale mortality along the Atlantic coast in 1987 to 1988, exhibited opportunistic infections indicative of immune dysfunction. Further, these animals had high levels of chlorinated hydrocarbons, such as PCBs and DDT, that can suppress immune functions. The purpose of this study was to determine whether there is a relationship between chemical contaminant exposure and immune response in free-ranging dolphins. In June of 1991, peripheral blood was obtained from members of a bottlenose dolphin population that resides along the west coast of Florida. Peripheral blood lymphocyte responses to Concanavalin A (Con A) and phytohemagglutinin (PHA) were determined in vitro and compared by regression analysis with contaminant concentrations in whole blood from a small subset of these animals (n= 5). These data indicate that a reduced immune response in these bottlenose dolphins was correlated with increasing whole blood concentrations of several contaminants. Specifically, inverse correlations were found between Con A-induced lymphocyte proliferation and tetrachlorinated to octachlorinated biphenyls (r2 values ranged from 0.70 to 0.87). (1995) 
. This single epizootic may have depleted the coastal migratory stock by as much as 53%, and population recovery may require as many as 100 years to return to pre-1987 population levels (1) . In 1990 and again in 1992, there were two additional incidents of high or unusual mortality of bottlenose dolphins in the Gulf of Mexico (2) . There has also been extensive mortality among striped dolphins (Stenella coeruleoalba) in the Mediterranean Sea (3) (4) (5) (6) . These incidents of high mortality have initiated scientific studies to determine their cause(s). There are several commonalities among these large-scale mortalities. Geraci (7) described Atlantic coast stranded dolphins with epidermal lesions, possibly due to viral infection; dermal lesions presumed to be caused by bacteria, fungi or protozoans; and septicemia, a systemic bacterial infection. The bacteria identified included Edwardsiella spp., Streptococcus spp., Vibrio spp., Pseudomonas spp., Klebsiella spp., Acinetobacter spp., Bacillus spp., and Staphylococcus spp., with Vibrio spp. representing 52% of the total isolates. Bacteria were isolated from the liver, spleen, lung, lymph nodes, blood, urine, blubber, abdominal fluid, kidney, and brain. Similar bacterial isolates were obtained from other stranded cetaceans along the Atlantic and Gulf coasts (8) . Geraci (13) and from a stranded bortlenose dolphin in the Gulf of Mexico (14) .
However, although it is clear that morbillivirus infection can result in immunosuppression, the question remains: why were the dolphins susceptible to the morbillivirus infection initially? In the Mediterranean mortality event, morbillivirus infection was probably not the initial cause of the largescale mortality because it rapidly invades lymph nodes and causes death within weeks (3); yet the increased prevalence of ectoparasites in the diseased animals (relative to healthy animals studied earlier) indicated that the immunosuppression may have begun a few months before the beginning of the epizootic (3, 4) . Thus the increased prevalence of parasites indicated that the dolphins may have been immunologically suppressed long before the morbillivirus infection. However, morbillivirus infection may have caused enhanced impairment of immune system function during later stages of bacterial, viral, and parasitic infection in each mortality event.
A third hypothesis was that chronic exposure to immunosuppressive pollutants, such as polychlorinated biphenyls (PCBs) and 1,1,1-trichloro-2,2-bis(p-chlorophenyl) ethane (p,p'-DDT), could have facilitated the development of viral, bacterial, and parasitic infections. Bottlenose dolphins stranded along the mid-Atlantic coast exhibited PCB and 1,1-dichloro-2,2-bis(pchlorophenyl)ethylene (p-p'-DDE, a metabolite of p,p'-DDT) concentrations in blubber, which were among the highest reported for cetaceans (7) . Subsequent coplanar PCB analysis of dolphin tissues collected during the 1987 to 1988 largescale mortality event indicated higher 2,3,7,8 -tetrachlorodibenzo-p-dioxin (TCDD) toxic equivalent concentrations (15) of PCBs in blubber of bottlenose dolphins than either common (Delphinus delphis) or white-sided (Lagenorhynchus acutus) dolphins (16) . Further, stranded Mediterranean striped dolphins examined in 1990 carried PCB levels that were higher (mean concentration 778 ppm lipid basis) than the levels found in healthy free-ranging animals (mean concentration 282 ppm lipid basis) (4). Isomer-specific analysis of PCBs and further DDT analysis also showed higher levels of these contaminants than in the blubber of unaffected striped dolphins (6) . High levels of PCBs and DDE have also been found in stranded white-beaked dolphins (Lagenorhynchus albirostris) and pilot whales (Globicephala melaena) from the coast of Newfoundland, Canada (17) , and stranded beluga whales (Delphinapterus lucas) of the St. Lawrence Estuary (18, 19 (20, 21) in June 1991. Dolphins were encircled with a seine net in shallow water, maneuvered into a sling, and sampled, measured, and examined aboard a small vessel, and then released. Peripheral blood (50 ml) for lymphocyte proliferation studies was drawn from the plexus of blood vessels in the tail fluke through a 20-gauge butterfly needle via vacutainer vacuum into sodium heparin vacutainers. Collected blood was stored at 24 to 26°C until the end of the day and shipped via overnight freight packaged without ice for next day analysis. Blood intended for chemical residue analysis was drawn with a teflon syringe and stored at -20°C until analysis. Additional blood samples were drawn for chemistry and hematology as part of an ongoing health assessment study.
Lymphocyte Proliferation
Lymphocyte proliferation assays were conducted as described previously (22) , using modifications of existing methods (23) (24) (25) . Briefly, aliquots of blood (10 (26) (27) (28) (29) . Briefly, each sample of peripheral blood (10 ml) was treated with methanol to lyse cells, dried with anhydrous sodium sulfate, and fortified with internal standards. Samples were soxhlet extracted overnight with 400 ml of solvent (1:1 v:v hexane/methylene chloride) and reduced in volume with a Kuderna-Danish apparatus to 1 ml. Analytes were isolated from the extracted lipid by chromatography on silica gel and carbon on silica gel. Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and coplanar PCBs were quantified using high resolution gas chromatography/high resolution mass spectroscopy (HRGC/HRMS) (Finnigan-MAT model 8230). Pesticides and total PCBs were quantified using HRGC/low resolution mass spectrometry (LRMS) (Finnigan-MAT model 4500). High and low resolution GCs were fitted with temperature programmed 30m DB-5 fused silica columns. Quantification and quality assurance/quality control were conducted as previously described (28, 29) .
Results
Lymphocytes were isolated from peripheral blood of 15 dolphins and cultured in the presence of Con A or PHA. In this study, lymphocyte proliferation was consistently strongest when concentrations of Con A were 0.5 and 0.13 pg/ml and concentrations of PHA were 2.0 and 0.5 pg/ml (data not shown). (36) (37) (38) , and possibly in humans (39) . Exposure to PCBs can result in reduced relative spleen (31, 32, 40) and thymus (40) size, decreased T cell-dependent antibodyforming cell (AFC) formation (31, 32) , lower T cell-dependent antibo.dy titer (32, 36, 39) , depressed cytotoxic T lymphocyte (CTL) response (40) , and reduced delayed-type hypersensitivity (39) . Further, PCB exposure can reduce lymphocyte proliferation responses to phytohemagglutinin (33, 38) and can alter natural killer (NK) cell activity (33) . Experimental studies with rodents have shown that DDT exposure can result in decreased spleen/body ratio (41) (42) (43) and decreased lymphocyte response to lipopolysaccharide (LPS) (44) . Further, T cell-dependent (43) and T cellindependent (42, 44, 45) B cell responses can be depressed by exposure to DDT. Thus, it is biologically plausible that immune suppression of botdenose dolphins can result from PCB and/or DDT exposure.
Exposure to PCBs can render animals more susceptible to viral and bacterial infection. Mallard ducklings (Anas platyrhynchos) that were exposed to PCBs exhibited higher mortality than unexposed ducklings after challenge with duck hepatitis virus (35) . Similarly, PCB exposure can increase mouse susceptibility to malaria (Plasmodium bergei) infection (27) , to Salmonella spp. (29, 36) , and to both ectromelia virus and Herpes simplex virus infection (30 
